Abstract -The paper is focused on application of modelling and simulation approaches in supply chain management. First, essentials of multi echelon supply chain management are discussed including the functionality of supply chain information systems. Then, a variety of modelling and simulation approaches are analyzed in the context of supply chain management, for example, simulation, stochastic programming, business process modelling and reference model. Finally, some illustrative examples are provided on application of simulation and modelling approaches to supply chain management.
I. INTRODUCTION
In spite of numerous research papers presenting mathematical methods, algorithms and models to support decision making in logistics and supply chain management, an application of the above-mentioned tools for effective supply chain management is still considered to be a big challenge in many companies. Especially it concerns small and mediumsized enterprises (SMEs) which are often financially limited for any innovation investigation, consulting or training. This is partly caused by a lack of understanding the essence of methods/models, their benefits, as well as insufficient level of expertise of employees. Therefore, development of the methodology aimed at explaining and describing application of mathematical modelling in the context of supply chain planning, analysis and management is highlighted by logistics experts as a topical task. Along with development of new methods and models, there is a need for the methodological aim which will support supply chain managers in explaining what kind of models can be used for solving the certain problem they have met with assuring mathematically based decision making. This methodology should consist of the following specific components: problem scope explanation and supply chain management tasks, a description of applied approaches, methods and tools, and case studies which illustrate possible application of the methodology.
The purpose of this paper is to outline main components in developing the aforementioned methodology. The paper is organised as follows. In the next part, the description of supply chain management is provided including multi echelon supply chain definition, description of supply chain uncertainties and multi echelon supply chain inventory management related issues. Then, mathematical and descriptive models are mentioned in the context of supply chain management such as simulation models, optimization models, analytical models and supply chain operation reference model (SCOR). Few illustrative examples are provided at the end of the paper to show potentials of application modelling approaches in supply chain management. The functionality of each model as well as their benefits are discussed at the end of the paper.
II. MULTI ECHELON SUPPLY CHAIN MANAGEMENT

A. Supply Chain Definition
Nowadays, a variety of supply chain definitions can be found. Usually it is defined as a network of suppliers, factories, warehouses, distribution centres and retailers through which raw materials are acquired, transformed and delivered to the customer (see Fig.1 ). This chain is characterized by a forward flow of materials and a backward flow of information. Traditionally, supply chain is illustrated as a framework for the conversion and movement of raw materials into final product through the four basic echelons, namely suppliers, manufacturers, wholesalers and retailers (see Fig. 2 ). Customers initialize all the processes within supply chain by ordering goods from retailers, which move the orders toward the whole supply chain. Therefore, such supply chains are usually called demand driven supply chains [1] . Inform ation Flow chain, therefore the methods and approaches aimed at management of such systems are usually related to multi echelon supply chain management by  showing the complexity of supply chain and  defining the requirement for supply chain as a holistic system management/modelling methods and approaches.
B. Supply Chain Management
Effective supply chain management becomes an essential task in all areas of business. Nowadays, supply chain management is defined as a set of approaches utilized to efficiently integrate suppliers, manufactures, warehouses and stores, so that merchandise is produced and distributed at the right quantities, to the right location, and at the right time, in order to minimize system-wide costs while satisfying service level requirements. In recent years, increased attention has been paid to the performance, design, and analysis of supply chain.
The complexity of supply chain management is related to the non-linear nature of the multi echelon supply chain (including the number of echelons), as well as uncertainty both inside and outside the supply chain, relatively micro and macro factors. Among macro factors there are material price fluctuations, demand fluctuation and seasonality, customs delays, variation of delivery times, component availability, currency fluctuations, changes in duties, customs. Strikes and terrorism are also named as macro factors that increase risk in supply chain management. In their turn, inbound variations, capacity constraints, production constraints, new product launches, order processing, forecast errors and suppliers' constraints are all associated to micro factors. Among the main uncertain factors, stochastic demand and lead time uncertainty are usually mentioned.
Traditionally, supply chain management tasks are categorized into three planning levels according to the time horizon they cover, namely operational, tactical and strategic levels (see Fig. 3 ). The strategic level usually refers to the overall supply chain network design, therefore including decisions on location, size, number of production plants, distribution centres and suppliers. This level also takes into account sourcing and deployment plans for each plant, distribution centre and customer, as well as the flow of goods throughout the network. The time horizon considered at the strategic level is typically few years. To make the strategy work, some tactical decisions are required to deal with the implications of how the strategy may operate within the constraints imposed by various plant and line capacities, manpower, working practices, operational and transport costs. A tactical plan often forms the basis for what is to be done within the next six months to two years. The operational level can be considered as supply scheduling. Operational models usually consider the lowest level of detail on plant routing, product Bill of Materials, changeover and set-up times, and can be run several times per day to account for any disruption in the production phase.
In the context of the supply chain management under uncertainty, on the strategic level there is not enough exact information about uncertainties that impact long-term decisions. At this level, the supply chain infrastructure is laid down (such as the location of plants and warehouses) and the physical boundaries for tactical planning are provided, which are by definition inflexible to adaptation. On the other hand, at the operational level, characterized by timeframes of 1-2 weeks, the planning horizon is too short to react to uncertainties. Hence, most of the uncertainty could be handled adequately at the tactical planning level, which address planning horizons of one year, mostly employing stochastic values for customer demand, supplier lead times, production costs and/or price fluctuations [1] .
Therefore, tactical planning is done within the constraints imposed by strategic planning, and operational decisions are strictly guided by tactical plans. However, due to dynamic environment of supply chain, the decision making becomes a continuous process which asks companies to react to changes almost in a real time. This defines the necessity for holistic approach in supply chain management, managing the system as a whole rather than in parts [2] .
C. Supply Chain Management Information Systems
The complexity of supply chain management sets requirements to supply chain management information system. Supply chain management information systems are information systems used to coordinate information between internal and external customers, suppliers, distributors and other partners in the supply chain. They play an increasingly critical role in the ability of companies to reduce costs and increase the responsiveness of their supply chain [3] .
However, in spite of a variety of information systems for supporting supply chain operations, the functionality of the systems may differ dramatically. This usually affects the process of supply chain management because implementation of improper information system may cause difficulties in company performance. Many surveys indicate disappointment of companies in the results achieved by their investments in supply chain management systems. Among the new principles of supply chain management, the employment of cross functional support system is pointed out, which allows breaking the functional perspective at both strategic and tactical levels [4] .
For effective supply chain management, companies need process-oriented support systems that link across functions. Information systems which support only narrow functionality of supply chain cannot guarantee the appropriate support in decision making regarding the overall supply chain management.
The analysis of the information systems applied at Latvian companies shows that in most cases the implemented information system is usually operated as order transaction management system without supporting any decision making (see Fig. 4 ). Moreover, the information systems are treated sometimes as a black box for supporting the unknown processes. The most illustrative example is presented in [4] . It mentions a situation when multi million investment ERP (Enterprise Resource Management) system for kitchen Supplier Company almost for one year was used with default values for inventory management settings.
ERP systems make the majority among the information systems implemented for supply chain management due to the popularity of the ERP approach. However, often investments in ERP systems are not as cost-effective as it was expected. First of all, the implementation of ERP supposes business processes reengineering with regard to the ERP approach, which sometimes is not possible due to misunderstanding the necessity of this by a company's management. Another issue is related to the lack of understanding the potentials of ERP systems and/or the overestimating information system functionality. As mentioned above, even an expensive information system will not guarantee effective supply chain management without proper values of inventory management parameters calculated by applying inventory algorithms and analytical models.
Therefore, with or without implemented information system for supply chain management, the necessity of analytical tool to support decision making is evident. As can be seen from Fig. 5 , this analytical tool may include a variety of modelling approaches which will guarantee that taken decision is mathematically proved and weighted before implementing it to the supply chain performance. The analytical component collaborates with information systems by receiving essential information for decision making (such as demand, lead times, transportation rates, inventory costs etc.) and providing it with appropriate settings values in the context of the planned decision.
Along with other modelling approaches such as analytical models, optimization models etc., simulation is an essential element of the analytical component in modelling-based supply chain management which allows evaluating the efficiency of mathematically obtained decisions.
III. SUPPLY CHAIN MODELLING APPROACHES
In recent years the number of modelling approaches to supply chain management has grown considerably. The experience of successful application of different modelling approaches is presented in a variety of scientific papers, however understanding precognitions of applying particular modelling algorithm to certain problem solving is within the competencies of its users.
Among the models presented in scientific publications related to supply chain management, the most famous ones are belonging to mathematical modelling. Mathematical models focus on solving one certain task in supply chain management; therefore they belong to the object-oriented approach. Besides mathematical models, there are also descriptive models aimed at analysis of supply chain process and their interrelations thus implementing the process-oriented modelling approach.
In the current paper it is assumed that mathematical models are aimed at obtaining any numerical results while descriptive models serve for describing the supply chain performance. In a traditional perspective, some models (for example, simulation models) can be referred to as both mathematical and descriptive models.
A. Descriptive Models
Among descriptive models, the most popular is supply chain operation reference model (SCOR) which is endorsed by the Supply-Chain Council (SCC). SCOR is based on five distinct management processes: Plan, Source, Make, Deliver, and Return.
The benefit of SCOR is a performance metrics which allow evaluating the process efficiency in supply chain. Besides SCOR model, any other descriptive and reference model can be used for description of supply chain including IDEF, DFD, UML etc [5] , [6] .
Descriptive models can be applicable to situations where the problems are not known exactly for identifying bottlenecks in supply chain performance. They are commonly used also in information system engineering; therefore they are useful to be elaborated before implementing new information systems. In the context of supply chain hierarchical planning, descriptive models provide advantages at the strategic planning level.
B. Mathematical Models
Mathematical models are aimed at obtaining numerical data which may support supply chain decision making.
Based on a task (management vs. analysis) and taking into consideration nature of the models variables (i.e. stochastic vs. deterministic), mathematical models applied for supply chains may be categorized as Fig.6 shows. Due to many and influential sources of uncertainties and stochastic variation within supply chains, the most promising among others are models which can operate with stochastic data. In this context, simulation became a highly effective tool to support engineers and managers in decision making. Simulation takes into account the combined effect of variability, uncertainty and complex interdependencies between processes. Simulation by itself cannot guarantee that the modelled supply chain has the optimal performance. The use of simulation allows the decision maker to test the effect of alternative scenarios in order to select the best one. Due to that, optimisation of simulation models (or of supply chain model) has recently become an important technology in supply chain planning, design and management.
While simulation can yield detailed answers to the most frequently asked and well-known question -"What if?" -, only optimisation technology allows answering the question -"What's Best?" Optimisation models are based on precise mathematical procedures for evaluating alternatives, and they guarantee that the optimum solution has been found to the problem as proposed mathematically. This is a process in determining exactly which combination of factor levels produces the best overall system response. Optimisation problem can be formulated as a task of finding an extreme of the unknown function representing the system quality. Optimisation of supply chain performance is usually pursued around the goals of cost reduction, capital reduction and service improvement.
The most used optimisation technique for decision making under uncertainty is stochastic programming. During the last years the number of stochastic programming application to complex supply chain management problems has grown considerably. The experience of its successful application to complex real life problem solving stimulates researchers to apply this technique to unsolved problems. Moreover, stochastic programming is often mentioned as a tool for creating a robust solution for a problem with uncertain input parameters.
C. Summary
There are plenty of modelling approaches which could be successfully applied to support decision making in supply chain management. Some of them, such as linear programming, mixed linear programming, dynamic programming, as well as analytic models belonging to operation research models are traditional tools described in plenty of state-of-the-art books and manuscripts focused on supply chain management, whereas others, like heuristics approaches, combined models, simulation models etc. are brightly described in scientific publications. In spite of this, the current issue for companies is related to the application of these models into daily management decisions. Most often, challenging is (1) what kind of models to apply and (2) when it is necessary to use the appropriate model for solving particular task in supply chain management. So, essential is the understanding of modelling application precognitions (see Table 1) .
At the strategic level, descriptive models are useful for analysing "AS IS" performance of supply chain and its processes. Descriptive model may serve as a conceptual model for optimisation and simulation models. Optimisation models are aimed at obtaining supply chain parameter settings which will guaranty its best performance, for example, the location of new supply chain facilities, the capacity of warehouse etc. Simulation model may assist in conducting "What if" analysis of the solved problem with extended number of variables. For example, what will be the utilization of new facility if the population density in selected location is changed?
At the operational level, the most effective are simulation models. Simulation allows reacting rapidly on changes in tactical/strategic plans by means of a ready-made simulation model. Optimisation models, except fundamental linear programming models, are usually time-consuming in both developing and computational speed. 
IV. CASE STUDIES
This section provides some illustrative examples on application of the above mentioned simulation based supply chain management framework to solving of particular tasks.
The first case study "Beer Game: inventory management" is focused on multi echelon supply chain management tactical planning related to inventory management. It is an academic example demonstrating the potentials of mathematical programming in supply chain management.
The next case study "King Coffee Service: inventory management" is elaborated as a real-case example which is based on data of Latvian distributor of coffee products in the Baltic States. This example shows how small companies may apply different modelling approaches for developing a tool to support tactical decision making in inventory management.
A. Beer Game: Inventory Management
Supply chain considered within the case study is a single product linear supply chain, consisting of four echelons, namely manufactory, distributor, wholesaler and retailer. A fifth echelon is constituted by the market, passing on the customer's demand to the retailer echelon. The task is to produce and deliver units of beer: the factory produces and the other three echelons deliver the beer units until they reach the external customer at the downstream end of the supply chain.
The objective of the decision making is to find the amount of beer quantity to order by minimizing the total cost, i.e., the sum of the backlog costs and inventory costs over all periods and for all echelons. Decision should be made for time horizon of 52 weeks. The demand of end customer and lead time are stochastic and presented by normal distribution. King Coffee Service: Inventory Management. In the case study several modelling approaches are applied (see Fig. 7 ). Optimisation model is created to calculate inventory control setting at all echelons in respect to minimizing the total costs of supply chain, including inventory costs and backlog costs. The optimization model belongs to scenario approach of stochastic programming as stochastic values of demand and lead time are represented by means of scenarios [7] . Optimisation model is expressed by means of AMPL. The developed optimization model allows verifying different inventory management approaches, for example, centralized/decentralized supply chain management, as well as testing different inventory control algorithms, e.g., with and without outsourcing. The Sample Average Approximation (SAA) method is applied in the case study for evaluating the obtained solution of stochastic model.
Simulation model of the same supply chain is developed using Excel Spreadsheet. It allows estimating the performance of the supply chain under optimized inventory control parameters through the time horizon of one year. Based on simulation results, the following performance metrics are obtained as service level, average inventory level, and system robustness in regard to service level [8] , [9] .
B. King Coffee Service: Inventory Management
In the case of King Coffee Service (KCS), the problem is also related to inventory management. KCS is an international company with head office located in Riga (Latvia) and representatives in Lithuania and Estonia. All material flows are managed through Latvia. The company receives goods from manufacturers directly, skipping wholesaler echelon from a typical supply chain structure. The inventory is held in the company's private warehouse. However, the company rents storage facilities in a public warehouse in order to achieve best service for its main customer, who has storage facilities in the same place. Other customers, as well as KCS representatives in the Baltic States are served from KCS's private warehouse. The goal is to improve inventory management in the company. As a first step, an analysis of existing inventory management system is performed based on historical data obtained from company's information system. During this analysis, the necessity of developing descriptive model of company's business process related to inventory management has appeared for better understanding of inventory management system at the company as well as the related functionality of the implemented information system. While elaborating the process model, it was found out that information system supported only inventory transaction; however inventory management decision as order quantity and order time, both are set up based on manager empirical experience.
Based on ABC analysis, main products are selected for future analysis when analytic inventory control models are applied in order to calculate inventory control settings [10] .
To evaluate the performance of applied inventory models, simulation model is created by means of Excel Spreadsheet (see Fig. 8 ). Simulation models are created for all modelled inventory strategies. They are run for period of 52 weeks (tactical horizon) with 30 replications. Replication number is obtained empirically, however an analysis is made by using confidence interval method to prove the sufficiency of 30 replications. Simulation results showed that the most appropriate inventory strategy for the company is "min-max". However, before making the final decision and implementing it to the company inventory management system (including corresponding parameters set-up at company's information system), an optimization model is created by means of AMPL modelling language. The obtained results are then evaluated with the help of simulation model, however comparing with analytic models' results, optimization provided a lower customer service level. This is due to applying 100% customer service factor in analytical models, in turn when optimization model deals with stochastic scenarios and does not consider safety stocks. In fact, application of scenario approach of stochastic programming in inventory management is rational if there is some lack of data required for traditional analytic algorithms, for example, mean and dispersion of demand or lead time cannot be precisely expressed.
This case study is focused on enhancement of inventory management system in the company "KCS". During the research, an empirical study was conducted to analyze current situation of the inventory management in the company. However, detailed analysis is done for one product, i.e. Coffee 3200, which is the company's leading product. Simulation results show that "min-max" is the most appropriate strategy.
V. CONCLUSIONS
Nowadays, supply chain management is often a challenge to its managers. It is mainly caused by a nonlinear nature of supply chain along with increasing number of its echelons which are usually spread globally. Other challenges are related to product complexity with stochastic demand, as well as high service level requirements operating in high business competition environment. Diversity of information technologies, including supply chain information systems and applied IT standardization variety among supply chain echelons may cause additional issues in supply chain management.
In spite of that, requirements for nowadays supply chain management are incredibly high. It should be optimized by this ensuring the best performance operating in uncertain environment. Supply chain might also be agile reacting through the ability to respond quickly to customer demand by reducing operating costs. It also should be robust with regard to handling uncertain events with minimal loss.
The above-mentioned issues define the necessity of developing the decision support framework for supply chain management which allows obtaining and evaluating supply chain performance parameters. Simulation and optimization models are the essential components of the framework, however the importance of descriptive models of supply chain, for example, SCOR model, becomes evident in the context of strategic planning and supply chain management information system implementation.
The disappointment in the outcome produced by investments into supply chain management information systems shows that any company may benefit from developing the analytic framework which supports decision making. on application of stochastic programming to multi echelon supply chain management.
